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(Title of Document) SPECIFICATION NQy o n ^ 
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(Title of Invention) ETCHING METHOD *~ ~ c 

(Scope of Patent Claims) 
(Claim 1) 

An etching method for implementing a plasma-etching 
process ori an S1O2 film layer covering an SiN x film layer formed 
at a workpiece placed inside an air-tight processing chamber by 
inducing a processing gas into the processing chamber, wherein; 

the processing gas is a mixed gas containing at least C4F8 
and CH2F2. 



(Claim 2) 

An etching method for implementing a plasma-etching 
process on an Si02 film layer covering an SiN x film layer formed 
at a workpiece placed inside an air-tight processing chamber by 
inducing a processing gas into the processing chamber, 
comprising: 

a first step of implementing an etching process on the 
Si02 film layer by using a mixed gas containing at least C4F8 and 
CO as the processing gas; and 

a second step of implementing an etching process on the 
Si02 film layer by switching to another mixed gas containing at 
least C4F8 and CH2F2 to be used as the processing gas before or 
after the SiN x film layer becomes exposed. 



(Claim 3) 

An etching method for implementing a plasma-etching 
process on an Si02 film layer covering an SiN x film layer formed 
at a workpiece placed inside an air-tight processing chamber by 
inducing a processing gas into the processing chamber, 



4. 
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comprising: 

a first step of implementing an etching process on the 
Si02 film layerVby using a mixed gas containing at least C4F8 and 
CO as the processing gas; 

a second $tep of implementing an etching process on the 
Si02 film layer by switching to a mixed gas containing at least 
C4F8 and CH2F2 to be used as the processing gas before or after 
the shoulder of the SiN x film layer becomes exposed; and 

a third step of implementing an etching process on the 
Si02 film layer by switching to another mixed gas containing at 
least C4F8 and CO to be used as the processing gas after a 
specific period of time of the shoulder of the SiN x film layer 
becoming exposed. 

(Claim 4) 

An etching method according to any of claims 1, 2 and 3, 
wherein; 

the flow rate ratio (CH 2 F 2 / C 4 F 8 ) of C 4 F 8 and CH 2 F 2 in the 
mixed gas containing at least C4F8 and CH2F2 is set essentially 
within a range of 0.4 ~ 1.0. 

(Claim 5) 

An etching method according to any of claims 1,2 ,3 and 4 
wherein; 

the partial pressure corresponding to C4F8 relative to the 
entire pressure of the mixed gas containing at least C4F8 and 
CH2F2 is set essentially within a range of 0.4 (mTorr) ~ 0.8 
(mTorr) . 



(Claim 6) 
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An etching method according to any of claims 1, 2, 3, 4 
and 5 wherein; 

the density of plasma excited inside the processing 
chamber is set essentially within a range of 1.5 X 10 10 (number 
of ions / cm 3 ) ~ 1.2 X 10 11 (number of ions / cm 3 ). 

(Claim 7) 

An etching method according to any of claims 1, 2, 3, 4, 5 
and 6 wherein: 

the workpiece is placed on a mounting surface of a 
susceptor provided inside the processing chamber; and 

the temperature of the susceptor mounting surface is set 
essentially within a range of 20 °C ~ the heat resistance 
temperature of a photoresist layer constituting a mask pattern of 
the Si02 film layer. 

(Claim 8) 

An etching method according to any of claims 1, 2, 3, 4, 5, 

6 and 7 wherein; 

an inert gas is further added into the mixed gas containing 
at least C4F8 and CH2F2. 

(Claim 9) 

An etching method according to any of claims 2, 3, 4, 5, 6, 

7 and 8 wherein; 

an inert gas is further added into the mixed gas containing 
at least C 4 F 8 and CO. 

(Detailed Description of the Invention) 
[0001] 
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(Field of the Invention) 

The present invention relates to an etching method. 

[0002] 
(Prior Art) 

To keep pace with the great improvements made with 
respect to the degree of integration of semiconductor devices in 
recent years, miniaturization of various elements formed on 
semiconductor substrates has become one of the crucial 
technical requirements. In order to meet this requirement, the 
distances between the individual gates (electrodes) formed on a 
semiconductor substrate must be reduced, and if contact holes 
are formed between the gates, the contact holes, too, must be 
miniaturized. However, as the distances between the gates 
become increasing small, the difficulty in forming ever smaller 
contact holes at accurate positions increases, due to the limits of 
the alignment performance of the stepper and the like. 
Accordingly, a self-aligning contact technology, whereby 
self-aligned contact holes are formed within the minute space 
between individual gates by forming a protective film (base) 
constituted of, for instance, an SiN x film at the surfaces of the 
gates and thereby preventing the gates from becoming etched 
during the contact hole formation, has been proposed of late. It 
is to be noted that SiN x as referred to in this specification may 
indicate a substance in which SiN and Si3N4 are mixed as well as 
SiN or Si 3 N 4 itself. 
[0003] 

A mixed gas containing, for instance, C4F8 and CO is often 
used as the processing gas when forming contact holes at an a 
SiC>2 film (insulating film) covering the gates formed on a 
semiconductor substrate by employing the self-aligning contact 
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technology described above, so that the selection ratio of the 
S1O2 film layer relative to the SiN x film layer is improved. Namely, 
by using such a processing gas in which C4F8 constituting the 
processing gas contains a relatively large number of carbon 
atoms compared to CF4 or C2F6 used in the prior art, a carbon 
film to constitute a protective film can be formed with ease at the 
inner wall surface of the contact holes. In addition, since CO is 
added in the processing gas, the formation of the carbon film is 
further facilitated. As a result, fluorine radicals constituting the 
etching ions do not readily come in contact with the SiN x film 
layer covered by the carbon film, thereby achieving an 
improvement in the selection ratio of the Si02 film layer relative 
to the SiNx film layer. 
[0004] 

(Problems to be solved by the invention) 

However, while the selection ratio of the Si02 film layer 
relative to the SiN x film layer is improved due to the presence of 
the carbon film formed at the inner wall surface of the contact 
holes by forming the contact holes using a mixed gas containing 
C4F8 and CO as described above, carbon becomes accumulated 
also at the bottoms of the contact holes. This results in the 
carbon accumulated at the bottoms of the contact holes 
preventing the fluorine radicals from reaching the bottoms w r ith 
ease. Consequently, it becomes difficult to mill contact holes 
having a depth larger than a specific measurement, to lead to a 
reduction in the penetration and an etching stop. 
[0005] 

In addition, while it has become one of the technological 
requirements in recent years to form contact holes achieving a 
high aspect ratio in extremely small spaces between gates, the 
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structure of such deep contact holes makes it difficult for 
fluorine radicals to reach the bottoms of the contact holes. As a 
result, if the contact holes are formed by using the mixed gas 
containing C4F8 and CO as described above, the accumulation of 
carbon at the bottoms of the contact holes and the reduction in 
the quantity of fluorine radicals entering the contact holes 
further reduce the penetration and increases the occurrence of 
etching stop. 
[0006] 

Furthermore, if contact holes are formed through a 
process in which carbon is accumulated readily at the bottoms of 
the contact holes as in the etching method in the prior art 
described above, it is necessary to perform over-etching on the 
semiconductor substrate in consideration of carbon which 
accumulates at the bottoms of the contact holes. However, if 
such an over-etching process is performed on the semiconductor 
substrate, the insulating film layer and the SiN x film layer, 
which are respectively provided to cover and protect the gates 
are also etched, to result in the insulating film layer and the 
gates themselves becoming exposed inside the contact holes. 
[0007] 

Consequently, problems such as defective insulation and 
shorting of the gates, other wiring or electrodes may occur to 
lower the yield. In particular, the shoulder (corners) of the SiN x 
film layer, which often distend into the contact holes, tend to 
become etched very readily, and thus, if over-etching process is 
performed on the semiconductor substrate as described above, 
the worst damage is likely to occur at the corners. For this 
reason, the etching process can only be performed to an extent to 
which the shoulder of the SiN x film layer do not become damaged 
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in the etching method in the prior art, which makes it extremely 
difficult to form contact holes achieving a high aspect ratio. 
[0008] 

A first object of the present invention, which has been 
completed by addressing the problems of the prior art discussed 
above, is to provide a new and improved etching method which 
achieves an improvement in the selection ratio of the Si02 film 
layer relative to the SiN x film layer by forming a carbon film 
(protective film) at the shoulder of the SiN x film layer exposed 
inside the contact holes and makes it possible to form contact 
holes achieving a high aspect ratio by minimizing the 
accumulation of carbon at the contact hole bottoms. 
[0009] 

A second object of the present invention is to provide a 
new and improved etching method that eliminates excessive 
etching which may cause damage to the shoulder of the SiN x film 
and achieves an improvement in yield by preventing defective 
insulation at the gates and the occurrence of dialectic 
breakdown. 
[0010] 

(Means for solving the problems) 

In order to achieve the objects described above, in a first 
aspect of the present invention as claimed in claim 1, there is 
provided an etching method for implementing a plasma-etching 
process on an SiC>2 film layer covering an SiN x film layer formed 
at a workpiece placed inside an air-tight processing chamber by 
inducing a processing gas into the processing chamber, wherein 
the processing gas is a mixed gas containing at least C4F8 and 
CH2F2. 
[001 1] 
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In this etching method in which CH2F2 is used in the 
processing gas instead of CO, fluorine radicals can be generated 
from CH2F2 as well as from C4F8 to increase the quantity of 
fluorine radicals generated during the process. As a result, even 
when forming contact holes with a high aspect ratio, fluorine 
radicals can reach the bottoms of the contact holes with a high 
degree of reliability to make it possible to etch the bottoms while 
removing carbon accumulated at the bottoms of the contact 
holes, thereby facilitating the formation of contact holes with a 
specific depth. 
[0012] 

In addition, since the bottoms of the contact holes can be 
etched with a high degree of reliability, it is not necessary to 
over-etch the workpiece and thus, damage to the SiN x film layer 
exposed inside the contact holes and, in particular, damage to 
the shoulder of the SiN x film layer can be prevented. As a result, 
since the insulating film layer covering the gates protected by 
SiN x film layer or the gates themselves are not exposed inside the 
contact holes, defective insulation at the gates and the 
occurrence of dialectic breakdown are prevented to achieve an 
improvement in the yield. Furthermore, since the bottoms of the 
contact holes can be etched while sustaining a specific etching 
rate, the length of time required to perform the etching process 
can be reduced to achieve an improvement in throughput, as 
well. 
[0013] 

Since CH2F2 constituting the processing gas contains 
carbon atoms, a carbon film to constitute a protective film can be 
formed at the inner side wall surface of the contact holes with a 
high degree of reliabilit}' as in an etching method which utilizes a 
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processing gas containing CO. Consequently, the inner wall 
surface of the contact holes are not etched readily, to prevent 
formation of contact holes with a bowed shape. Moreover, with 
the SiNx film layer exposed inside the contact holes and, in 
particular, the shoulder of the SiN x film layer, covered with the 
carbon film, the shoulder do not become etched and, therefore, 
damage to the shoulder is prevented. In addition, since fluorine 
radicals reach the bottoms of the contact holes with a high 
degree of reliability even though the processing is performed on 
the workpiece in a carbon-rich atmosphere in this manner, 
carbon does not accumulate at the bottoms of the contact holes. 
[0014] 

In a second aspect of the present invention as claimed in 
claim 2, there is provided an etching method for implementing a 
plasma-etching process on an Si02 film layer covering an SiN x 
film layer formed at a workpiece placed inside an air-tight 
processing chamber by inducing a processing gas into the 
processing chamber, comprising: a first step of implementing an 
etching process on the SiC>2 film layer by using a mixed gas 
containing at least C4F8 and CO as the processing gas; and a 
second step of implementing an etching process on the Si02 film 
layer by switching to another mixed gas containing at least C4F8 
and CH2F2 to be used as the processing gas before or after the 
SiNx film layer becomes exposed. 
[0015] 

In this etching method, in w^hich the etching process is 
performed by using a mixed gas containing, at least, C4F8 and 
CO, the workpiece can be processed as in the etching method in 
the prior art described earlier in a carbon-rich atmosphere. As a 
result, since a carbon film can be formed at the inner wall 
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surface of the contact holes with ease, the shape of the etched 

contact holes does not become bowing. 

[0016] 

In addition, since the etching process is implemented by 
switching to another mixed gas containing at least C4F8 and 
CH2F2 before or after the SiN x film layer becomes exposed as in 
the invention claimed in claim 1, the workpiece can be processed 
in a carbon-rich and radical-rich atmosphere. Thus, the carbon 
accumulated at the bottoms of the contact holes can be removed 
to achieve reliable etching at the bottoms, and with the 
occurrence of an etching stop prevented, an improvement in the 
penetration is achieved. Furthermore, since the use of such a 
processing gas makes it possible to prevent accumulation of 
carbon at the bottoms of the contact holes while depositing a 
carbon film at the shoulder of the SiN x film layer, contact holes 
achieving a specific shape can be formed. 
[0017] 

In a third aspect of the present invention as claimed in 
claim 3, there is provided an etching method for implementing a 
plasma-etching process on an Si02 film layer covering an SiN x 
film layer formed at a workpiece placed inside an air-tight 
processing chamber by inducing a processing gas into the 
processing chamber, comprising: a first step of implementing an 
etching process on the Si02 film layer by using a mixed gas 
containing at least C4F8 and CO as the processing gas; a second 
step of implementing an etching process on the SiC>2 film layer by 
switching to a mixed gas containing at least C4F8 and CH2F2 to 
be used as the processing gas before or after the shoulder of the 
SiNx film layer becomes exposed; and a third step of 
implementing an etching process on the S1O2 film layer by 
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switching to another mixed gas containing at least C4F8 and CO 
to be used as the processing gas after a specific period of time of 
the shoulder of the SiN x film layer becoming exposed, 
[0018] 

In this etching method as in the invention claimed in 
claim 2, since the etching process is performed by using a mixed 
gas containing, at least, C4F8 and CO, a carbon film can be 
formed at the inner wall surface of the contact holes with ease, 
and the etching process can be completed without bowing the 
shape of the contact holes. In addition, if the etching process is 
implemented by switching to another mixed gas containing at 
least C4F8 and CH2F2 before or after the SiN x film layer becomes 
exposed, the carbon accumulated at the bottoms of the contact 
holes can be removed to achieve reliable etching at the bottoms 
thereof as in the invention claimed in claims 1 and 2. Moreover, 
the SiNx film layer exposed inside the contact holes can be 
protected with the carbon film. 
[0019] 

Further, switching again to another mixed gas containing 
at least C4F8 and CO as the processing gas after a specific period 
of time of the shoulder of the SiN x film layer becoming exposed, 
since a carbon film can be deposited at the inner wall surface of 
the contact holes with ease, the shape of the contact holes can 
be prevented from bowing. Also in this step, even if a mixed gas 
containing, at least, C4F8 and CO is used, since the carbon 
accumulated at the bottoms of the contact holes has been 
already removed, the occurrence of an etching stop does not 
occur and the penetration is not lowered. 
[0020] 

By setting the flow rate ratio (CH2F2 / C 4 F8) of C 4 Fs and 
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CH2F2 in the mixed gas containing at least C4F8 and CH2F2 
essentially within a range of 0.4 ~ 1.0, as in the invention 
claimed in claim 4, for example, or by setting the partial 
pressure corresponding to C4F8 relative to the entire pressure of 
the mixed gas containing at least C4F8 and CH2F2 within a range 
of 0.4 (mTorr) - 0.8 (mTorr), as in the invention claimed in claim 
5, for example, the selection ratio of the Si02 film layer relative 
to the SiNx film layer can be further improved. 
[0021] 

Moreover, by setting the density of the plasma excited 
inside the processing chamber essentially within a range of 1.5 X 
10 10 (number of ions / cm 3 ) ~ 1.2 X 10 11 (number of ions / cm 3 ), 
as in the invention claimed in claim 6, for example, or by placing 
the workpiece on the mounting surface of a suceptor provided 
inside the processing chamber and setting the temperature of 
the susceptor mounting surface essentially within a range of 
20 °C ~ the heat resistance temperature of a photoresist layer 
constituting a mask pattern of the SiC>2 film layer, as in the 
invention claimed in claim 7, for example, the selection ratio of 
the Si02 film layer relative to the SiN x film layer can be further 
improved as in the invention claimed in claims 4 and 5. 
[0022] 

In addition, by adding an inert gas into the mixed gas 
containing at least C4F8 and CH2F2, as in the invention claimed 
in claim 8, for example, or adding an inert gas into the mixed gas 
containing at least C4F8 and CO, as in the invention claimed in 
claim 9, for example, the various processing conditions such as 
the etching rate can be easily adjusted. 
[0023] 

(Mode for Carrying Out the Invention) 
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The following is a detailed explanation of an embodiment 
of the etching method according to the present invention, given 
in reference to the attached drawings. 
[0024] 

(1) Structure of etching apparatus 

First, in reference to FIG. 1, an etching apparatus 100 
that may adopt the etching method in the embodiment is 
explained . 

Inside a processing container 102 of the etching 
apparatus 100 in the figure, a processing chamber 104 is formed, 
and inside the processing chamber 104, a low^er electrode 106 
constituting a susceptor capable of moving up and down freely is 
provided. On top of the lower electrode 106, an electrostatic 
chuck 110 connected to a high-voltage DC source 108 is 
provided, and a w T orkpiece such as a semiconductor wafer 
(hereafter referred to as a "wafer") W is placed on the upper 
surface of the electrostatic chuck 110. In addition, a focus ring 
112 achieving an insulating propert}' is provided around the 
wafer W placed on the lower electrode 106. Further, a conductive 
baffle plate 114 having numerous through holes 114a is 
provided via an insulator 107 around the lower electrode 106. 
The baffle plate 1 14 is electrically continuous with the grounded 
processing container 102 via, for instance, a stainless bellows 
109. A high-frequency source 120 that outputs 
plasma-generating high frequency power is connected to the 
lower electrode 106 via a matcher 118. 
[0025] 

At the ceiling of the processing chamber 104 facing 
opposite the mounting surface of the lower electrode 106, an 
upper electrode 122 having numerous gas outlet holes 122a is 
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provided, and in the example illustrated in the figure, the upper 
electrode 122 constitutes part of the processing container 102. A 
gas supply pipe 124 is connected to the gas outlet holes 122a, 
and in the example shown in the figure, first ~ third branch 
pipes 126, 128 and 130 are connected to the gas supply pipe 124. 
A gas supply source 136 that supplies C4F8 is connected to the 
first branch pipe 126 via an open / close valve 132 and a 
flow-regulating valve 134. A gas supply source 142 that supplies 
CH2F2 in the embodiment is connected to the second branch pipe 
128 via an open / close valve 138 and a flow-regulating valve 140. 
A gas supply source 148 that supplies Ar is connected to the 
third branch pipe 130 via an open / close valve 144 and a 
flow-regulating valve 146. It is to be noted that the structure 
adopted to supply these individual processing gases is to be 
detailed later. The inert gas added into the processing gas is not 
limited to Ar in the example above and any inert gas such as Kr 
may be used instead, as long as it can be utilized to adjust the 
plasma excited inside the processing chamber 104. In addition, 
various types of gases such as O2, N2, CO and CO2 may be added 
in the processing gas. 
[0026] 

Furthermore, near the bottom of the processing container 
102, a discharge pipe 150 which communicates with a vacuum 
drawing mechanism (not shown) is connected, and through the 
function of the vacuum drawing mechanism, the atmosphere 
inside the processing chamber 104 is sustained at a specific 
reduced pressure. Also, outside the processing chamber 104, a 
magnet 152 is provided so as to enclose the outer sidewalls of the 
processing container 102, and the magnet 152 forms the rotating 
magnetic field in the plasma area located between the upper 
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electrode 122 and the lower electrode 106. 
[0027] 

(2) Structure of wafer 

Next, in reference to FIG. 2, the structure of the wafer W to 
undergo the etching process in the etching apparatus 100 
described above is explained. 

Gates 202 are formed on an Si (silicon) substrate 200 
constituting the wafer W, with an insulating film layer 204 
formed to cover the gates 202. In addition, an SiN x film layer 206 
is formed so as to cover the surface of the insulating film layer 
204. The SiN x film layer 206 prevents the gates 202 from 
becoming etched during the formation of contact holes 2 10 
which is to be detailed later and enables formation of a 
self-aligned contact hole 210 between the gates 202. In addition, 
a silicon oxide film constituting an insulating film layer, e.g., an 
S1O2 film layer 208 is formed over the SiN x film layer 206. It is to 
be noted that the insulating film layer 204 and the Si02 film 208 
may be constituted of BPSG (silicate glass constituted of boron 
and phosphorus), PSG (silicate glass constituted of phosphorus) , 
TEOS (tetra-ethoxy ortho-silane) , Th-OX (thermal oxide) or SOG 
(spion glass). In addition, a photoresist layer 212 to constitute a 
mask pattern for the contact hole 2 10 is formed over the SiC>2 
film layer 208. 
[0028] 

(3) Contact hole formation process 

Next, in reference to FIGS. 1 and 2, the process through 
which the contact hole 2 10 is formed between the gates 202 at 
the wafer W described above is explained. 

First, the temperature of the mounting surface of the 
lower electrode 106 is adjusted to a level which is essentially 
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equal to or higher than 20°C and equal to or lower than the heat 
resistance temperature of the photoresist layer 212, i.e., the 
temperature at which the photoresist layer 212 melts and, more 
desirably, within a range of 20°C - 60°C, e.g., at 40°C, and then 
the wafer W is placed on the mounting surface. 
[0029] 

Next, the processing gas in the embodiment, i.e., the 
mixed gas containing C4F8, CH2F2 and Ar is induced into the 
processing chamber 104. During this process, the flow rates of 
C4F8, CH2F2 and Ar are respectively adjusted at the 
corresponding to regulating valves 134, 140 and 146. The flow 
rate of C4F8 is set at a level which is essentially within the range 
of 5 (seem) -15 (seem) and more preferably within the range of 6 
(seem) ~ 8 (seem) in the embodiment. The flow rate of CH2F2 is 
set at a level which is essentially within the range of 2 (seem) ~ 
10 (seem) and more preferably within the range of 3 (seem) ~ 5 
(seem). In addition, the flow rate of Ar is set at a level which is 
essentially within the range of 400 (seem) ~ 600 (seem) and more 
preferably at 500 (seem). At the same time, the flow T rates of the 
individual processing gases should be adjusted as appropriate 
so as to set the flow rate ratio (CH2F2 / C 4 F 8 ) of C 4 F S and CH 2 F 2 
essentially in a range of 0.4 ~ 1.0, and more preferably, within 
the range of 0.5 -1.0 and even more desirably within the range 
of 0.55 ~ 0.7. 
[0030] 

Concurrently while the processing gas is being induced 
into the processing chamber 104, the vacuum drawing is 
implemented inside the processing chamber 104. At this time, 
the pressure atmosphere in the processing chamber 104 should 
be set essentially within the range of 30 (mTorr) ~ 70 (mTorr), 
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and more desirably within the range of 35 (mTorr) ~ 55 (mTorr). 
At the same time, the pressure atmosphere in the processing 
chamber 104 should be adjusted as appropriate so as to set the 
partial pressure corresponding to C4F8 relative to the entire 
pressure of the mixed gas containing C4F8, CH2F2 and Ar is 
within a range of 0.4 (mTorr) ~ 0.8 (mTorr). 
[0031] 

Then, a rotating magnetic field is formed in the plasma 
area inside the processing chamber 104 by rotating the magnet 
152. Then, a specific level of high-frequency power is applied to 
the lower electrode 106 to excite plasma inside the processing 
chamber 104. During this process, the high-frequency power 
should be adjusted so as to set the density of plasma excited 
inside the processing chamber 104 essentially within the range 
of 1.5 X 10 10 (number of ions / cubic cm) ~ 1.2 X 10 11 (number of 
ions / cm 3 ). In other words, in the embodiment, high-frequency 
power achieving a frequency of 13.56 (MHz) and a power level of 
1400 (W) ~ 2000 (W) and, more preferably, a power level of 1500 
(W), for instance, is applied to the lower electrode 106. As a 
result, a glow discharge occurs between the upper electrode 122 
and the lower electrode 106 to dissociate the processing gas in 
the embodiment having been induced into the processing 
chamber 104, thereby generating high-density plasma. Then, a 
specific type of etching process is performed on the w T afer W with 
the plasma thus generated. 
[0032] 

During this process, since the mixed gas comprising C4F8, 
CH2F2 and Ar is utilized as the processing gas in the embodiment, 
a carbon-rich atmosphere can be created from C4F8 and CH2F2 
without having to add CO in the processing gas as necessary in 
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the etching method in the prior art explained earlier. As a result, 
a carbon film can be formed with ease at the exposed surfaces of 
the SiN x film layer 206, the Si0 2 film layer 208 and the 
photoresist layer 2 12 constituting the inner side wall surface of 
the contact hole 210. Thus, since the inner side wall surface of 
the contact hole 2 10 does not become etched readily, the contact 
hole is not formed in a bowed shape. 
[0033] 

In addition since the carbon layer covers the surface of the 
SiN x film layer 206, and in particular, a shoulder 207 of the SiN x 
film layer 206, fluorine radicals generated from C4F8 and CH2F2 
are prevented from readily reaching the shoulder 207 w T hich 
would be readily etched to prevent damage to the shoulder 207 of 
the SiNx film layer 206. As a result, the selection ratio of the SiN x 
film layer 206 and the Si02 film layer 208 improves and the 
insulating film layer 204 and the gates 202 protected by the SiN x 
film layer 206 do not become damaged, thereby preventing 
insulation defects at the gates 202 and the occurrence of 
dialectic breakdown and achieving an improvement in yield. 
[0034] 

By using CH2F2 in the processing gas as in the 
embodiment instead of CO, fluorine radicals to constitute the 
etchant seed are also generated from CH2F2 as w^ell as from C4F8, 
to increase the quantity of fluorine radicals contained in the 
plasma. Consequently, fluorine radicals can reach in a reliable 
manner the bottom of the contact holes 2 10 with a high aspect 
ratio formed in the extremely small space between the gates 202, 
to make it possible to remove carbon accumulated at the bottom 
with ease and to etch the bottom at a constant etching rate 
without reducing the penetration or causing an etching stop. 



19/43 



Furthermore, since Ar is added into the processing gas, the 
density and the like of the plasma generated inside the 
processing chamber 104 can be adjusted as necessary. 
[0035] 

In the embodiment which assumes the structure 
described above and utilizes the mixed gas constituted of C4F8, 
CH2F2 and Ar as the processing gas, a carbon-rich atmosphere is 
created as in an etching method which utilizes a processing gas 
containing CO, and a large quantity of fluorine radicals can be 
generated unlike in the etching method which utilizes a 
processing gas containing CO. As a result, the carbon film is 
formed at the inner side wall surface of the contact hole 2 10 
alone and the accumulation of carbon at the bottom of the 
contact hole 2 10 is prevented, so that an insulation defect at the 
gates 202 and the occurrence of dialectic breakdown are 
prevented and the penetration of the contact hole 2 10 is 
improved even when the contact hole 2 10 formed in the 
extremely small space between the gates 202 has a high aspect 
ratio. 
[0036] 

(Implementation Examples) 

Next, specific examples in which the etching method 
according to the present invention is implemented are explained. 
It is to be noted that since contact holes 2 10 are formed between 
gates 202 formed at the wafer W by using the mixed gas 
containing C4F8, CH2F2 and Ar in the etching apparatus 100 in 
the embodiment explained above and by varying specific 
conditions to be explained later such as the flow rates of the 
processing gases, the pressure of the atmosphere in the 
processing chamber 104, the level of the high-frequency power 
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applied to the lower electrode 106 and the temperature of the 
mounting surface of the lower electrode 106, the same reference 
numbers are assigned to components achieving roughly identical 
functions and structural features to those in the etching 
apparatus 100 and the wafer W explained earlier to preclude the 
necessity for repeated explanation thereof. 
[0037] 

(A) Change in CH 2 F 2 flow rate 

First, individual examples of implementation achieved by 
varying the flow rate of CH2F2 are listed in the following table. It 
is to be noted that the etching process was performed in the 
individual implementation examples with the pressure of the 
atmosphere inside the processing chamber 104 set at 50 (mTorr), 
the temperature at the upper electrode 122 and the inner wall 
surfaces of the processing chamber 104 set at 60°C and the 
temperature of the lower electrode 1 10 set at 40°C. In addition, 
high-frequency power achieving a frequency of 13.56 (MHz) and 
a power level of 1500 (W) was applied to the lower electrode 106. 
Wafers W having a 200mm diameter were used. The process was' 
implemented in an etching apparatus 100 having a processing 
chamber 102 with a 38 (1) capacity. 
[0038] 

In addition, the uniformity within the work surface of the 
wafer W (hereafter referred to as the "surface uniformity") and 
the selection ratio of the SiC>2 film layer 208 relative to the SiN x 
film layer 206 were ascertained for each implementation example, 
with the resulting cross sectional shape (etching shape) achieved 
in the wafer W illustrated in the corresponding figure. It is to be 
noted that the surface uniformity indicates by what percentages 
the etching rates at the center and at an edge deviate from the 
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average etching rate calculated by averaging the etching rates at 
the center and the edge of the wafer W (referred to as the 
"average etching rate" in the table), and the larger numerical 
value (absolute value) the degree of surface uniformity is not 
good and the smaller numerical value (absolute value) the degree 
of surface uniformity is good. In addition, the selection ratio of 
the Si0 2 film layer 208 relative to the SiN x film layer 206 
(referred to as the "Si02 / SiN x selection ratio" in the table) is 
represented by the average of values indicating (Si02 film layer 
etching rate) / (SiN x film layer etching rate) ratios at the center 
and an edge of the wafer W in a state in which the SiN x film layer 
206 is exposed with the etching process performed on the Si02 
film layer 208 at an advanced stage, as illustrated in FIG. 2. 
[0039] 
(Table 1) 
[0040] 

As indicated in the table above, varying the flow r rate of 
CH2F2 added into the mixed gas containing C4F8 and Ar within 
the range of 0 (seem) - 7 (seem), based on the conditions of the 
implementation examples 1 ~ 5, the etching rate of the Si02 film 
layer 208 of the wafer W becomes lowered and changes within 
the range of 3900 (A / min) - 4250 (A / min) as the flow rate of 
CH2F2 increases. Also, the surface uniformity achieves the best 
state in setting the flow rate of CH2F2 at 4 (seem) or less, and 
becomes non-uniform as the flow rate increases. The selection 
ratio of the SiC>2 film layer 208 relative to the SiN x film layer 206 
achieves the best state in setting the flow rate of CH2F2 at 4 
(seem), and becomes lowered as the flow rate of CH2F2 increases 
or decreases from the above flow T rate. Consequently, by 
adjusting the flow rate of CH2F2 to a value of approximately 4 
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(seem), it can be assured that contact holes 2 10 achieving a 
specific shape can be formed without etching the shoulder 207 of 
the SiNx film layer 206 exposed in the contact holes 2 10. 
[0041] 

In addition, with the flow^ rate of CH2F2 set at 4 (seem), 
contact holes 210 achieving a specific shape were formed both at 
the center and at the edge of the wafer W as illustrated in FIGS. 
5 and 6. Namely, the shoulder 207 of the SiN x film layer 206 were 
not etched and no carbon accumulated at the bottoms of the 
contact holes 210 either at the center or at the edge of the wafer 
W. By setting the flow rate of CH2F2 at 3 (seem) or 5 (seem), too, 
contact holes each achieving a specific shape were formed as 
shown in FIGS. 4 and 7, as at the flow rate of 4 (seem). However, 
when the flow rate of CH2F2 was set at 0 (seem) or 7 (seem), the 
shoulder 207 of the SiN x film layer 206 became etched, as shown 
in FIGS. 3 and 8 and, at the same time, carbon accumulated at 
the bottoms of the contact holes 2 10. 
[0042] 

The results discussed above indicate that by setting the 
flow rate of CH2F2 added in the mixed gas containing C4F8 and Ar 
within the range of 3 (seem) - 5 (seem) when performing an 
etching process on the wafer W on the etching apparatus 100 
under the various conditions outlined earlier, contact holes 2 10 
achieving a specific shape can be formed over the entire surface 
of the wafer W. However, since the results given above were 
achieved by performing an etching process on the etching 
apparatus 100 as described above, it may not be possible to form 
contact holes 2 10 achieving the specific shape at the same gas 
flow rate on another processing apparatus due to the difference 
in the capacity of the processing chamber and the like. 
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Accordingly, by adjusting the flow rates of the individual 
processing gases in conformance to the flow rate ratio (CH2F2 / 
C4F8) of C4F8 and CH2F2 constituting the processing gas, contact 
holes 2 10 achieving a specific shape can be formed at all times 
without being affected by structural differences among etching 
apparatuses. 
[0043] 

Now, in reference to FIG. 9, the relationship between the 
flow rate ratio (CH2F2 / C4F8) of C4F8 and CH2F2 and the selection 
ratio of the Si02 film layer 208 relative to the SiN x film layer 206 
is explained. When the flow rate ratio (CH2F2 / C 4 F 8 ) is 0.4 ~ 1.0, 
the numerical value of the selection ratio is approximately 18 or 
larger and when the flow rate ratio is 0.5 ~ 1.0, the selection 
ratio is approximately 25 or higher. Furthermore, a selection 
ratio of approximately 30 or higher is achieved with the flow rate 
ratio in a range of 0.55 ~ 0.7. When the flow rate ratio is 
approximately 0.57, the selection ratio is the highest at 
approximately 34 in the range, achieved by using the processing 
gas with the flow rate ratio of C 4 Fs: CH2F2: Ar = 7: 4: 500 (seem) 
corresponding to FIGS. 5 and 6. 
[0044] 

The selection ratio of the Si02 film layer 208 relative to the 
SiNx film layer 206 only needs to be approximately 20 under 
normal circumstances, and by adjusting the flow rates of the 
processing gas constituents so as to set the flow rate ratio 
(CH2F2 / C4F8) essentially within the range of 0.4 ~ 1.0, more 
desirably essentially within the range of 0.5 -1.0 and even more 
desirably the essentially within the range of 0.55 ~ 0.7 as 
described earlier, a selection ratio of up to approximately 34 can 
be achieved. It is to be noted that in FIG. 9 the vertical axis 
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represents the selection ratio of the S1O2 film layer relative to the 
SiN x film layer 206 and the horizontal axis represents the flow 
rate ratio (CH 2 F 2 / C 4 F 8 ). 
[0045] 

(B) Changes in pressure atmosphere inside processing 
chamber 

Next, implementation examples achieved by varying the 
pressure of the atmosphere inside the processing chamber 104 
are explained. In implementation example 6 and implementation 
example 7 in the table below, the process etching was performed 
with the individual conditions other than the pressure of the 
atmosphere inside the processing chamber 104 set as in 
implementation example 3 mentioned earlier. Namely, the flow 
rates of the processing gas constituents were set at C4F8: CH2F2: 
Ar = 7: 4: 500 (seem) as in implementation example 3. In addition, 
for implementation example 6 and implementation example 7, 
the surface uniformity of the wafer W and the selection ratio of 
the Si0 2 film layer 208 relative to the SiN x film layer 206 were 
ascertained with the resulting cross sectional shape of the wafer 
W illustrated in the corresponding figure, as for implementation 
examples 1-5 explained earlier. 
[0046] 
(Table 2) 
[0047] 

As indicated in the table above, varying the pressure of 
the atmosphere inside the processing chamber 104 at 40 (mTorr) 
or 60 (mTorr) as the implementation examples 6 and 7, based on 
the conditions of the implementation example 3, the etching rate 
of the Si02 film layer 208 becomes high as the pressure 
atmosphere increases. Also, the surface uniformity achieves the 
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best state in setting the pressure atmosphere at 50 (mTorr) as in 
the implementation example 3, and becomes non-uniform as the 
pressure of the atmosphere inside the processing chamber 104 
increases or decreases from the above pressure atmosphere. 
Further, the selection ratio of the Si02 film layer 208 relative to 
the SiN x film layer 206 also achieves the best state in setting the 
above pressure atmosphere at 50 (mTorr) and becomes lowered 
as the pressure of the atmosphere inside the processing chamber 
104 increases or decreases from the above pressure atmosphere, 
similarly to the above surface uniformity. 
[0048] 

In addition, while carbon does not accumulate readily at 
the bottoms of contact holes 2 10 to enable formation of contact 
holes 210 w T ith a specific depth, as shown in FIG. 10, when the 
pressure of the atmosphere in the processing chamber 104 is set 
at 40 (mTorr) as in implementation example 6, the shoulder 207 
of the SiN x film layer 206 becomes etched and damaged as shown 
in the figure. In addition, while the shoulders 207 of the SiN x 
film layer 206 can be protected by the carbon film in a reliable 
manner by setting the pressure of the atmosphere inside the 
processing chamber 104 at 60 (mTorr) as in implementation 
example 7, carbon accumulates at the bottoms of the contact 
holes 2 10 to cause an etching stop and reduce the penetration, 
as shown in FIG. 11. 
[0049] 

If, on the other hand, the pressure of the atmosphere 
inside the processing chamber 104 is set at 50 (mTorr) as in 
implementation example 3 described earlier, carbon is not 
accumulated at the bottoms of the contact holes 210 and the 
shoulders 207 of the SiN x film layer 206 are not etched so that 
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the contact holes 2 10 each achieving a specific shape and a 
specific depth are formed, as illustrated in FIGS. 5 and 6. 
[0050] 

The results discussed above indicate that by setting the 
pressure of the atmosphere inside the processing chamber 104 
at approximately 50 (mTorr) when performing an etching process 
on the wafer W on the etching apparatus 100, contact holes 2 10 
achieving a specific shape are formed at the wafer W. However, 
the level of the pressure of the atmosphere above is valid only in 
conjunction with the etching apparatus 100, and contact holes 
2 10 may be formed differently if implementation example 3, 6 or 
7 is adopted in another processing apparatus, due to a difference 
in the volumetric capacity of the processing chamber and the 
like. Accordingly, by setting the pressure atmosphere inside the 
processing chamber 104 in conformance to the partial pressure 
corresponding to C4F8 relative to the entire pressure of the 
processing gas containing C4F8, CH2F2 and Ar used in 
implementation example 3, which is calculated to be 0.68 
(mTorr), contact holes 2 10 achieving a specific shape can be 
formed on any etching apparatus, as in implementation example 
3. In addition, by setting the partial pressure as appropriate 
within the range of 0.4 (mTorr) - 0.8 (mTorr), contact holes 210 
achieving a specific shape can be formed as in implementation 
example 3. 
[0051] 

(C) Changes in high-frequency power applied to lower 
electrode 

Implementation examples in which the high-frequency 
power applied to the lower electrode 106 is varied are explained. 
In the implementation examples 8 and 9 in the table below, the 
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individual conditions other than the level of the high-frequency 
power applied to the lower electrode 106 were set the same as 
those in implementation example 3. In addition, as in 
implementation examples 1-7 explained earlier, the surface 
uniformity at the wafer W and the selection ratio of the S1O2 film 
layer 208 relative to the SiN x film layer 206 were ascertained 
with the resulting cross sectional shape of the wafer W 
illustrated for implementation examples 8 and 9. It is to be noted 
that the frequency of the high-frequency power was set at 13.56 
MHz as in implementation example 3. 
[0052] 
(Table 3) 
[0053] 

As indicated in the table above, varying the 
high-frequency power applied to the lower electrode 106 at 1400 
(W) or 1600 (W) as the implementation examples 8 and 9, based 
on the conditions of the implementation example 3, the etching 
rate of the SiC>2 film layer 208 becomes higher than in setting the 
high-frequency power at 1500 (W). Also, the surface uniformity 
achieves the best state in applying the high-frequency power of 
1500 (W) to the lower electrode 106 as in the implementation 
example 3, and becomes non-uniform as the high-frequency 
power increases or decreases from the above high-frequency 
power. Further, the selection ratio of the S1O2 film layer 208 
relative to the SiN x film layer 206 becomes lowered as the 
high-frequency power increases. 
[0054] 

In addition, as shown in FIGS. 12 and 13, with the level of 
the high-frequency power applied to the lower electrode 106 at 
either 1400 (W) or 1600 (W) carbon accumulated less readily at 



28/43 



the bottoms of the contact holes 2 10 and the shoulders 207 of 
the SiN x film layer 206 did not become etched readily either. 
However, while the selection ratio of the S1O2 film layer 208 
relative to the SiN x film layer 206 improved when the 
high-frequency power was set at 1400 (W), some accumulation of 
carbon was observed at the bottom of the contact hole 2 10. No 
accumulation of carbon at the bottom of the contact hole 2 10 
was observed when the high-frequency power was set at 1600 (W) 
It goes without saying that when high-frequency power at 1500 
(W) was applied to the low*er electrode 106 as in implementation 
example 3 described earlier, contact holes 2 10 achieving good an 
etching shape were formed, as illustrated in FIGS. 5 and 6. 
[0055] 

The results described above indicate that when 
performing an etching process on the wafer W by employing the 
etching apparatus 100 described above, contact holes 210 are 
formed in a specific shape at the wafer W by setting the 
high-frequency power applied to the lower electrode 106 within 
the range of 1400 (W) ~ 1600 (W) . In addition, since good etching 
characteristics were achieved by applying high-frequency power 
at 1600 (W) to the lower electrode 106, it is assumed that contact 
holes 2 10 can be formed in a specific shape even when the upper 
limit of the level of power supplied to the lower electrode 106 is 
raised to 1700 (W). 
[0056] 

It is to be noted that since the high-frequency power levels 
described above were set for the etching apparatus 100, contact 
holes 2 10 may not be formed as described above if 
implementation example 3, 8 or 9 is adopted in a different 
processing apparatus. Such variance of contact hole formation is 
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attributed to the fact that the quantity of fluorine radicals 
entering toward the bottoms of the contact holes 210 and the 
quantity of carbon deposited onto the inner wall surface of the 
contact hole 2 10 are affected by the plasma density inside the 
processing chamber 104. Accordingly, the density of plasma 
inside the processing chamber 104 was measured by applying 
1400 (W) ~ 1700 (W) high-frequency power at 13.56 (MHz) to the 
lower electrode 106 as described earlier and the numerical 
values thus obtained were 1.5 X 10 10 (number of ions / cm 3 ) ~ 
1.2 X 10 n (number of ions / cm 3 ). Thus, by generating plasma 
inside the processing chamber 104 so as to achieve a plasma 
density within the range of 1.5 X 10 10 (number of ions / cm 3 ) ~ 
1.2 X 10 11 (number of ions / cm 3 ), contact holes 2 10 achieving a 
specific shape can be formed at the wafer W. 
[0057] 

(D) Changes in the temperature of lower the electrode 
mounting surface 

Next, implementation examples in which the temperature 
of the mounting surface of the lower electrode 106 was varied are 
explained. In implementation examples 10 and 1 1 in the table 
below, the individual conditions other than the temperature of 
the mounting surface of the lower electrode 106 were set the 
same as those in implementation example 3. In addition, as in 
implementation examples 1-9 explained earlier, the surface 
uniformity at the wafer W and the selection ratio of the SiC>2 film 
layer 208 relative to the SiN x film layer 206 were ascertained 
w^ith the resulting cross sectional shape of the w^afer W 
illustrated for implementation examples 10 and 11. It is to be 
noted that the temperature of the inner wall surfaces of the 
processing chamber 104 was set at 60°C as in implementation 
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example 3. 
[0058] 
(Table 4) 
[0059] 

As indicated in the table above, varying the temperature of 
the mounting surface of the lower electrode 106 at 20°C or 60°C 
as the implementation examples 10 and 11, based on the 
conditions of the implementation example 3, the etching rate of 
the Si02 film layer 208 of the wafer W becomes higher than in 
setting the temperature of the mounting surface thereof at 40°C 
as in the implementation example 3. Also, the surface uniformity 
achieves the best state in setting the temperature of the 
mounting surface thereof at 40°C, and becomes non-uniform as 
setting the temperature becomes higher or lower than the above 
temperature. Further, the selection ratio of the Si02 film layer 
208 relative to the SiN x film layer 206 becomes high as the 
temperature of the mounting surface of the lower electrode 106 
becomes high. 
[0060] 

In addition, with the temperature of the mounting surface 
of the lower electrode 106 set at 20°C, contact holes 2 10 
achieving a specific depth were formed with the accumulation of 
carbon at the bottoms of the contact holes 2 10 occurring less 
readih r as shown in FIG. 14, but, at the same time, the selection 
ratio of the Si0 2 film layer 208 relative to the SiN x film layer 206 
was 20.6 and the shoulders 207 of the SiNx film layer 206 
became etched, as illustrated in the same figure. In contrast, by 
setting the temperature of the mounting surface of the lower 
electrode 106 to 60°C, a selection ratio of 58.2 was achieved for 
the Si02 film layer 208 relative to the SiN x film layer 206 and the 
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shoulder 207 of the SiN x film layer 206 were not etched as 
illustrated in FIG. 15. In addition, carbon did not accumulate at 
the bottoms of the contact holes 2 10 to enable formation of 
contact holes 2 10 achieving a specific depth at this temperature, 
as shown in the same figure. It goes without saying that when 
the temperature of the mounting surface of the lower electrode 
106 was set at 40 °C, as in implementation example 3, too, 
contact holes 2 10 achieving a specific depth and a specific shape 
were formed, as illustrated in FIGS. 5 and 6. 
[0061] 

The results discussed above indicate that by setting the 
temperature of the mounting surface of the lower electrode 106 
as high as possible above 20 °C, contact holes 2 10 achieving a 
specific shape can be formed at the wafer W. However, if the 
temperature of the w^afer W rises to a level equal to or higher 
than a specific temperature, the photoresist film layer 2 12 
formed over the Si02 film layer 208 becomes melted and thus 
loses its function as an etching mask. For this reason, the upper 
limit of the temperature of the mounting surface of the lower 
electrode 106 should be the heat resistance temperature of the 
photoresist layer 2 12. Consequently, by setting the temperature 
of the mounting surface of the lower electrode 106 as 
appropriate within the range of 20°C ~ the heat resistance 
temperature of the photoresist layer 212, contact holes 210 
achieving a specific shape can be formed at the wafer W. 
[0062] 

(E) Comparison of implementation example 3 and the prior 
art 

Next, implementation example 3 illustrated in FIGS. 5 and 
6 in which contact holes 2 10 achieving a specific shape were 
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formed with the highest degree of consistency at the wafer W 
among implementation examples 1 - 1 1 is compared with a prior 
art example illustrated in FIG. 16. First, the etching conditions 
adopted in implementation example 3 and the prior art example 
are explained. In both implementation example 3 and the prior 
art example, an etching process was implemented by using the 
etching apparatus 100, with the temperatures of the upper 
electrode 122 and the internal wall surfaces of the processing 
chamber 104 sustained at 60 °C and the temperature of the 
mounting surface of the lower electrode 110 sustained at 40°C. 
In addition, high-frequency power at 1500W with a frequency of 
13.56 (MHz) was applied to the lower electrode 106. Wafers W 
with a 200 mm diameter were used. 
[0063] 

In addition, w^hile the processing gas with its gas 
composition and flow rate ratio expressed as C4F8: CH2F2: Ar = 7: 
4: 500 (seem) was induced into the processing chamber 104 in 
implementation example 3 as described earlier, a processing gas 
with its gas composition and flow T rate ratio expressed as C4F8: 
CO: Ar = 18:300:380 (seem) was induced into the processing 
chamber 104 in the prior art example. In addition, while the 
pressure of the atmosphere inside the processing chamber 104 
was set at 50 (mTorr) as described above in implementation 
example 3, the pressure of the atmosphere inside the processing 
chamber 104 was set at 40 (mTorr) in the prior art example. 
[0064] 

Next, the etching rates of the S1O2 film layer 208, the 
degrees of surface uniformity at the wafer W and the selection 
ratios of the Si02 film layer 208 relative to the SiN x film layer 206 
achieved in implementation example 3 and the prior art example 
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are explained. 

First, the etching rates of the Si02 film layer 208 are 
explained. In implementation example 3, an etching rate of 4000 
(A / min) was achieved at the center of the wafer W and an 
etching rate of 4 100 (A / min) was achieved at the edge, as 
explained earlier. In the prior art example, on the other hand, an 
etching rate of 4600 (A min) was achieved at the center and an 
etching rate of 5200 (A min) was achieved at the edge. In addition, 
w T hile the degree of surface uniformity at the wafer W achieved in 
implementation example 3 was ±1.2 as explained earlier, the 
corresponding degree achieved in the prior art example was ±6.1. 
Furthermore, while a selection ratio of 34.4 was achieved in 
implementation example 3 for the SiC>2 film layer 208 relative to 
the SiN x film layer 206, the corresponding ratio achieved in the 
prior art example was 1 1.2. 
[0065] 

The results discussed above indicate that w^hile the 
etching rate of the Si02 film layer 208 is lower than that achieved 
in the prior art example, improvements are achieved in the 
surface uniformity of the wafer W and the selection ratio of the 
Si0 2 film layer 208 relative to the SiN x film layer 206 when the 
wafer W is processed through the etching process adopted in 
implementation example 3, over those achieved in the prior art 
example. A particularly pronounced improvement was observed 
in implementation example 3 over the prior art example with 
regard to the selection ratio of the Si02 film layer 208 relative to 
the SiNx film layer 206, as shown in FIGS. 6 and 16. Namely, the 
shoulders 207 of the SiN x film layer 206 exposed inside the 
contact hole 2 10 did not become etched at the wafer W shown in 
FIGS. 5 and 6 having undergone the process adopted in 
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implementation example 3 to enable formation of contact holes 
2 10 achieving a specific shape. In contrast, at the wafer W 
shown in FIG. 16 having undergone the etching process in the 
prior art example, the Si02 film layer 204 covering the gates 202 
became etched and ultimately damaged, as well as the shoulder 
207 of the SiNx film layer 206. This leads to the conclusion that 
the contact holes 2 10 achieving a specific shape can be formed 
at the wafer W with a greater degree of ease by using the 
processing gas constituted of the mixed gas containing C4F8, 
CH2F2 and Ar in the implementation example rather than 
processing the wafer W with the processing gas constituted of 
the mixed gas containing C4F8, CO and Ar utilized in the prior 
art. 
[0066] 

While the invention has been particularly shown and 
described with respect to a preferred embodiment and specific 
implementation examples thereof by referring to the attached 
drawings, the present invention is not limited to these examples 
and it w T ill be understood by those skilled in the art that various 
changes in form and detail may be made therein without 
departing from the spirit, scope and teaching of the invention. 
[0067] 

For instance, while an explanation is given above in 
reference to the embodiment on an example in which the mixed 
gas containing C4F8, CH2F2 and Ar alone is used as the 
processing gas to form contact holes, the present invention is 
not limited to such an example. For instance, when forming 
contact holes 2 10 at the wafer W by employing the etching 
apparatus 100, for instance, the mixed gas with its gas 
composition and flow rate ratio expressed as C4F8: CO: Ar = 



35/43 



18:300:380 (seem) explained in reference to the prior art 
example may be first used as a processing gas to process the 
wafer W. At this time, the pressure of the atmosphere inside the 
processing chamber 104 shown in FIG. 1, should be set at 
approximately 55 (mTorr). Then, before or after the shoulder 207 
of the SiN x film layer 206 become exposed inside the contact 
holes 2 10, a switch may be made to another mixed gas with its 
gas composition and flow rate ratio expressed as C4F8: CH2F2: Ar 
= 7:4:500 (seem) as in implementation example 3 to process the 
wafer W. The pressure of the atmosphere inside the processing 
chamber 104 during this process should be set at approximately 
50 (mTorr). 
[0068] 

By utilizing the mixed gas containing C4F8, CO and Ar as a 
processing gas in this manner, a carbon film can be deposited at 
the inner wall surface of the contact holes 2 10 with a high degree 
of reliability so that the contact holes 2 10 are formed in a 
specific shape while preventing the inner wall surfaces from 
becoming etched. In addition, by switching to another mixed gas 
containing C4Fs, CH2F2 and Ar before or after the shoulder 207 of 
the SiNx film layer 206 become exposed, fluorine radicals can be 
allowed into the contact holes 2 10 to reach their bottoms in a 
reliable manner, to prevent a reduction in the penetration 
attributable to accumulation of carbon at the bottoms and 
prevent occurrence of an etching stop. Furthermore, since the 
shoulder 207 of the SiN x film layer 206 exposed inside the 
contact holes 2 10 are protected by the carbon film, the shoulder 
207 do not become etched to enable quick formation of contact 
holes 2 10 achieving a higher aspect ratio and a specific shape. It 
is to be noted that a switch to the mixed gas containing C4F8, 
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CH2F2 and Ar may be effected either before or after the shoulder 
207 of the SiN x film layer 206 become exposed as explained 
earlier, or may be effected concurrently as the shoulder 207 of 
the SiN x film layer 206 become exposed. In addition, the switch 
to the other processing gas may be effected by, for instance, 
using a preset time point as reference, or may be effected in 
conformance to the end point detection value ascertained based 
upon the emission spectrum of the plasma inside the processing 
chamber 104. 
[0069] 

Also, in forming contact holes at the above water W, the 
processing gas may be switched as follows. The mixed gas with 
its gas composition and flow rate ratio expressed as C4F8: CO: Ar 
= 18:300:380 (seem) may be first used as a processing gas to 
process the wafer W as in the process explained earlier. At this 
time, the pressure of the atmosphere inside the processing 
chamber 104, should be set at approximately 55 (mTorr). Then, 
before or after the shoulder 207 of the SiN x film layer 206 become 
exposed inside the contact holes 2 10 as the steps explained 
above, a switch may be made to another mixed gas with its gas 
composition and flow rate ratio expressed as C4F8: CH2F2: Ar = 
7:4:500 (seem). The pressure of the atmosphere inside the 
processing chamber 104 during this process should be set at 
approximately 50 (mTorr). Next, after a specific period of time of 
the shoulder 207 of the SiN x film layer 206 becoming exposed 
inside the contact holes 2 10, for example, after the carbon 
accumulated at the bottom of the contact hole 210 has been 
removed, a switch may be made to another mixed gas with its gas 
composition and flow rate ratio expressed as C4F8: CH2F2: Ar = 
18:300:380 (seem) again to process the wafer W. The pressure of 
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the atmosphere inside the processing chamber 104 during this 

process should be set at approximately 55 (mTorr). 

[0070] 

As described above, by using the mixed gas containing 
C4F8, CO and Ar, since the inner wall surface of the contact holes 
210 can be protected by a carbon film as in the etching method 
described above, the contact holes 2 10 is not formed with a 
bowed shape and the SiC>2 film layer 208 can be etched in a 
specific direction. In addition, since the fluorine radicals can be 
allowed into the contact holes 2 10 to reach their bottoms in a 
reliable manner by switching to the mixed gas containing C4F8, 
CH2F2 and Ar before or after the shoulder 207 of the SiN x film 
layer 206 becomes exposed, the carbon accumulated at the 
bottom thereof can be removed. Further, since the shoulder 207 
of the SiNx film layer 206 is protected by the carbon film, the 
damage to the shoulder 207 can be prevented. 
[0071] 

Furthermore, by switching again to the mixed gas 
containing C4F8, CH2F2 and Ar after the shoulder 207 of the SiN x 
film layer 206 becomes exposed, in other words, after the carbon 
accumulated at the bottom of the contact holes 210 has been 
removed by using the mixed gas containing C4F8, CH2F2 and Ar, 
since the carbon film can be deposited at the shoulder 207 of the 
SiNx film layer 208 in a carbon-rich atmosphere, the damage to 
the shoulder 207 is protected and the shape of the contact holes 
210 does not become bowing even though forming contact holes 
2 10 with a high aspect ratio. 
[0072] 

It is to be noted that the process conditions other than the 
processing gas compositions, the flow rates of the processing gas 
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constituents and the atmospheric pressure inside the processing 
chamber 104 adopted in the individual etching methods are set 
essentially the same as those adopted in the embodiment 
described earlier. In addition, while an explanation is given 
above in reference to the individual etching methods on an 
example in which Ar is added into the processing gas, the 
present invention is not restricted by such particulars, and any 
of various types of gases including an inert gas such as Kr and 
gases such as O2, N2, CO or CO2 may be added in the processing 
gas. Furthermore, instead of Ar, any of various inert gases may 
be added, or the present invention may be implemented without 
adding any inert gas. 
[0073] 

In addition, while an explanation is given in reference to 
the embodiment on an example in which the etching apparatus 
is provided with a magnet, the present invention is not limited to 
this structural example, and it may be adopted in a 
plasma-etching apparatus not having such a magnet. Moreover, 
while an explanation is given above on an etching apparatus in 
which high-frequency power is supplied to the lower electrode 
alone, the present invention is not restricted by such structural 
details, and it may be implemented by using a plasma-etching 
apparatus in which high-frequency power is applied to both the 
upper electrode and the lower electrode or a plasma-etching 
apparatus in which high-frequency power is applied to the upper 
electrode alone. 
[0074] 

(Effect of the Invention) 

According to the present invention, in which a gas 
containing at least C4F8 and CH2F2 is utilized as the processing 
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gas, etching ions can be allowed into contact holes toward their 
bottoms in a reliable manner while forming a carbon film at the 
inner wall surface of the contact holes and, more specifically, at 
the shoulder of the SiN x layer exposed inside the contact holes, 
to prevent accumulation of carbon at the bottoms. As a result, 
since the shoulder of the SiN x film layer that tend to become 
etched particularly readily can be protected, damage to the gates 
or to the insulating film layer covering the gates is prevented to 
achieve an improvement in yield. In addition, since the bottoms 
of the contact holes can be etched with a high degree of 
reliability without reducing the penetration or causing an 
etching stop, contact holes achieving a high aspect ratio are 
formed with ease. 

(Brief Description of the Drawings) 
(FIG. 1) 

Schematic sectional view of an etching apparatus that 
may adopt the present invention. 
(FIG. 2) 

Schematic sectional view illustrating a semiconductor 
wafer to be processed on the etching apparatus shown in FIG. 1. 
(FIG. 3) 

Schematic sectional view of a semiconductor wafer having 
undergone an etching process in an example of implementation 
of the present invention. 
(FIG. 4) 

Schematic sectional view of a semiconductor w T afer having 
undergone an etching process in an example of implementation 
of the present invention. 
(FIG. 5) 
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Schematic sectional view of a semiconductor wafer having 
undergone an etching process in an example of implementation 
of the present invention. 
(FIG. 6) 

Photograph of a cross sectional shape of a semiconductor 
wafer shown in FIG. 5. 
(FIG. 7) 

Schematic sectional view of a semiconductor wafer having 
undergone an etching process in an example of implementation 
of the present invention. 
(FIG. 8) 

Schematic sectional view of a semiconductor wafer having 
undergone an etching process in an example of implementation 
of the present invention. 
(FIG. 9) 

Schematically illustrating the relationship between the 
flow rate ratio of the processing gas and the selection ratio of the 
S1O2 film at the semiconductor wafer. 
(FIG. 10) 

Schematic sectional view of a semiconductor wafer having 
undergone an etching process in an example of implementation 
of the present invention. 
(FIG. 11) 

Schematic sectional view of a semiconductor wafer having 
undergone an etching process in an example of implementation 
of the present invention. 
(FIG. 12) 

Schematic sectional view of a semiconductor wafer having 
undergone an etching process in an example of implementation 
of the present invention. 
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(FIG. 13) 

Schematic sectional view of a semiconductor wafer having 
undergone an etching process in an example of implementation 
of the present invention. 
(FIG. 14) 

Schematic sectional view of a semiconductor wafer having 
undergone an etching process in an example of implementation 
of the present invention. 
(FIG. 15) 

Schematic sectional view 7 of a semiconductor wafer having 
undergone an etching process in an example of implementation 
of the present invention. 
(FIG. 16) 

Photograph of a cross sectional shape of a semiconductor 
wafer having been processed in an etching method in the prior 
art. 

(Explanation of Reference Numerals) 
100 etching apparatus 
104 processing chamber 
106 lower electrode 

116 temperature control mechanism 
120 high-frequency source 
122 upper electrode 
122a gas outlet hole 

134, 140, 146 flow T -regulating valve 

136, 142, 148 gas supply source 

200 Si substrate 
202 gate 

204 insulating film layer 
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206 SiNx film layer 

207 shoulder 

208 Si0 2 film layer 
2 10 contact hole 
W wafer 
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(Title of Document) Abstract of Disclosure 
(Abstract) 

(Problems to be solved) 

To provide an etching method in which a contact hole 
achieving a high aspect ratio can be formed while preventing 
damage to an SiN x film layer. 
(Means for solving the problems) 

A lower electrode 106 with the temperature at its 
mounting surface set at 40°C is provided inside a processing 
chamber 104 of an etching apparatus 100. After a wafer W is 
placed on the lower electrode 106, a processing gas with its gas 
composition and gas flow rate expressed as C4F8: CH2F2: Ar = 
7:4:500 (seem) is induced into the processing chamber 104 while 
sustaining the pressure of the atmosphere inside the processing 
chamber 104 at 50 (mTorr). High-frequency power at 1500 (W) 
with the frequency at 13.56 (MHz) is applied to the lower 
electrode 106 to generate plasma. With the plasma thus 
generated, a carbon film is formed at shoulder 207 of an SiN x 
film layer 206 exposed inside a contact hole 2 10 and, at the same 
time, accumulation of carbon at the bottom of the contact hole 
210 is prevented, to form a contact hole 210 achieving a specific 
shape. 

(Chosen Drawing) FIG. 1 
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